J Clin Invest. 1974;54(2):247-251. https://doi.org/10.1172/JCI107759. Alveolar macrophages were obtained from human volunteers, smokers and nonsmokers, by bronchial lavage through a fiberoptic bronchoscope. Cells were incubated in a chemically defined medium containing [ 14 C]sucrose (0.36 mM) and varying concentrations of rabbit serum. Pinocytosis was assessed by the cellular uptake of isotope over 30, 75, and 120-min periods. Pinocytic activity of smokers' cells was dependent on serum concentration but always less than the activity of nonsmokers' cells. The degree of pinocytosis by nonsmokers' cells was independent of serum concentration. It is concluded that the decreased level of pinocytic activity in smokers' alveolar macrophages as indicated by the uptake of sucrose in the presence of rabbit serum may represent a form of reticuloendothelial blockade.
INTRODUCTION
Alveolar macrophages are of critical importance in defense of the lungs (1) . Central to the defense function of these cells is their ability to take up foreign materials by endocytosis-either soluble substances or submicroscopic particles (pinocytosis), or microscopic particles or organisms (phagocytosis) (2) .
Morphologic changes in alveolar macrophages from smokers, especially the presence of foreign inclusion material (3) (4) (5) (6) , suggest the theoretical possibility of some form of blockade of endocytic function of these cells. Studies with macrophages derived from the lungs of experimental animals do, in fact, reveal functional impairment of the cells by cigarette smoke or its constituents (7) (8) (9) . To date, however, experiments with alveolar macrophages from human smokers have shown either no change or equivocal changes in the endocytic A preliminary report was presented at the meeting of the American Society for Pharmacology and Experimental Therapeutics, East Lansing, Michigan, August [19] [20] [21] [22] [23] 1973 (1973. Pharmacologist. 15: 66) .
Received for publication 7 November 1973 and in revised form 25 March 1974. function of the cells (3-5, 10, 11) . In the present study, we report data comparing pinocytosis in alveolar macrophages from human smokers and nonsmokers.
METHODS
Harvesting of alveolar tnacrophages. Subjects were between 21 and 39 yr of age of either sex, without significant symptoms or signs of respiratory disease, who had normal chest roentgenograms and ventilatory tests. Those in the smoker group had smoked at least one package of cigarettes a day for 5 yr. Anesthesia of the nasopharynx was accomplished with lidocaine. No other medication was administered.
An Olympus fiberoptic bronchoscope (12) was passed transnasally and positioned in one of the lower lobe segmental bronchi. The lung was irrigated with five 50-ml portions of warm physiologic saline (13) and lavage fluid withdrawn by gentle suction using a 50-ml syringe. Approximately 50% of the lavage fluid was recovered.
The recovered lavage fluid was strained through gauze and centrifuged at 270 g for 20 min, and the recovered cells were washed twice and finally resuspended in medium 199 (with Hanks Salts). Cell counts were done with a hemocytometer and cell viability was estimated by the determination of trypan blue due exclusion. Cell viability determinations were done before and after incubation of cells in all experiments described. None of the procedures resulted in a significant loss (> 10%o) of viability.
For microscopic examination, a 1-ml aliquot of suspension of washed cells was added to a Leighton tube containing a flying coverslip. The medium was removed after 1 h and the attached cells were fixed in 1.25% glutaraldehyde at 40C for 10 min. After fixation, the coverslips were mounted on glass slides and examined by utilizing phasecontrast optics. 
RESULTS
The number of cells recovered in the lavage fluid from smokers (n = 13) was 6.3± 1.1 X 105 per ml, and from Further evidence for the pinocytic uptake of sucrose was seen in the results obtained from the isopycnic density gradient experiments described above. These data are represented in Fig. 1 AIcaof; p%_ino-hamster fibroblasts (22) , and rabbit alveolar macroing those of rat phages (23) . In the present studies, the uptake of su- (21) , Chinese crose by human alveolar macrophages was time and energy dependent, and the sucrose found in subcellular fractions with the approximate density of acid-phosphatase-containing organelles. In addition, when cells were washed before lysis and measurement of radioactivity, the final wash was essentially free of radioactivity. It appears, therefore, that sucrose is also an indicator of pinocytosis in human alveolar macrophages. Interestingly, Robin et al. (24) have used sucrose to measure extracelular water space in experiments with rabbit alveolar macrophages. The utilization of sucrose as an indicator of pinocytosis as well as of extracellular water is not the contradiction it appears to be.
The reduction in sucrose concentration of the medium due to pinocytosis by the cells was, at the most, only 0.0027% per mg of cell protein. Thus, when utilizing sucrose to determine extracellular water in the presence cid phosphatase of cell concentrations and with the analytical methods lar macrophages described by Robin et al. (24) , the error due to celluing 10% rabbit lar uptake of sucrose by pinocytosis would be negligible, ative concentra-if at all determinable. rity (C) to that Two differences were observed in the pinocytic ac-.y had been ho-.. macrophages; (b) the uptake of sucrose by smokers' macrophages was dependent upon serum concentration. The reasons for these differences can only be speculated upon. The most attractive explanations for these data would seem to be related to either reticuloendothelial blockade in smokers' macrophages, or loss of "endocytosis enhancing factor" in the lungs of smokers, or both.
Various alterations in morphology of smokers' alveolar macrophages have been noted in this study as well as by others previously. Pratt, Finley, Smith, and Ladman (3) described alveolar macrophages from smokers as having numerous inclusion bodies which impart a brown color to cell pellets. Harris, Swenson, and Johnson (5) identified some of the inclusion bodies as being fiber-like structures. Martin (6) remarked on the presence of fluorescent and autofluorescent intracellular material in smokers' macrophages. We were especially impressed with the extensive degree of vacuolation which occurred in smokers' alveolar macrophages. Such vacuolation occurred also in nonsmokers' cells to a lesser extent than seen with smokers but to a greater extent than that seen in rabbit alveolar macrophages.
It is likely that an exposure of the surface of the lung to an increased particle load stimulates production of free macrophages regardless of the nature (living or nonliving) of the particles (25) . Such stimulation is probably related to an increase in the requirement for endocytic activity at the surface of the lung. It might be suggested, therefore, that smokers' alveolar macrophages have an increased level of endocytic activity in situ due to the particle burden of cigarette smoke. In mouse peritoneal macrophages, an increase in endocytic activity is accompanied by an increase in acid hydrolase production (26) . In this connection, smokers' alveolar macrophages demonstrate an increased number of lysosomal organelles and increased acid hydrolase activity (5, 6) . It is the increased particle load in smokers' cells where a basis for reticuloendothelial blockade may lie. Jeunet, Cain, and Good (27) The lung may also contain other factors which enhance endocytosis. Recently, Lentz and DiLuzio (9) reported that acellular lung wash from normal rats enhanced phagocytosis by alveolar macrophages, whereas wash obtained from rats exposed to smoke did not. Finley and Ladman (28) described a decrease in the lecithin content of lavage fluid from smokers compared to that of nonsmokers. Our studies of macrophage pinocytosis did not involve the presence of lung wash but this does not eliminate the possibility of residual effects of lung secretions on the cells.
The suggestion has been made that smokers suffer an increased susceptibility to infections (29) (30) (31) . Previous studies of human alveolar macrophages have, to our knowledge, revealed no substantial depression of phagocytosis in the cells from smokers (5, 10) . Reticuloendothelial blockade does demonstrate some specificity; in the studies by Jeunet et al. (27) blockade produced by Salmonella typhosa extended to Brucella melitensis but not to colloidal gold. It is also possible that acellular factors other than humoral (e.g., lung surfactant) may play a role in regulation of endocytosis by alveolar macrophages. Consequently, the interpretation of in vitro studies such as these with regard to the clinical situation must be approached with a great deal of caution.
